Aelurostrongylus abstrusus is a worldwide metastrongyloid of the pulmonary parenchyma of the domestic cat19 6, 7, 11, 12, 18. Africa is the only continent from which it has not yet been reported.
sence of parasites. Infective larvae mixed in food invariably elicited vomition in cats within 30 seconds after dosing. Vomition also occurred when larvae were given via a stomach tube t o cats anaesthetised with sodium pentobarbital. Therefore before being given larvae, cats were deeply anaesthetised with sodium pentobarbital (60 mg/2.3 k g body weight) and 5 ml of mepyramin (1.25 mg/ml) and 5 ml of lidocaine hydrochloride (0.05%) were introduced into the stomach to obviate vomition. Thirty minutes later the stomach tube was passed again and the larvae injected. Eleven cats were used. Each was given 1,000 larvae except for cat 2 which received 2,000. None vomited after dosing although there was marked abdominal movement in 2 animals. Cats were killed, one at each 4-d interval from 1 to 41 d after infection. Stomach, duodenum, jejunum, ileum, and large intestine were fixed in Bouin's fixative for 24 h and placed in 10% formalin before subsequent processing. Spleen, liver, mesenteric lymph nodes, heart, lungs, and kidneys were fixed in 10%) formalin. Paraffin sections were cut at 5 11 and stained with haematoxylin and eosin.
Results

Cat 1 (Day 1)
At necropsy there was an ecchymosis, approximately 2 mm in diameter, on the pleural surface of 1 lung.
Microscopically, there were foci of interstitial pneumonia throughout. Subpleural leucocytic infiltrate occurred in many areas, immediately beneath which the alveolar septa were moderately thickcned. The corresponding alveoli contained few granulocytes.
Cat 2 (Day 5)
Grossly there were subpleural petechiae and numerous pin-point, white foci in the lungs.
Histologically there were larvae surrounded by granulomata ( Fig. 1 ) in alveolar ducts. The lungs had tags of connective tissue and blood vessels on their surface. There were foci of interstitial pneumonia throughout, particularly in alveolar ducts and alveoli beneath the pleura. Macrophages near larvae appeared necrotic. Tracts produced by larvae were indicated by accumulations of fibrin surrounded by alveolar macrophages. Alveolar macrophages solidly packed alveoli peripheral to these foci.
Cat 3 (Day 9)
At necropsy the lungs had many small translucent gray areas on their surface.
Histologically, larvae were in alveolar ducts eliciting no apparent reaction. The larvae appeared to have a double cuticle. The outer 'cuticle' was probably the teguminal sheath.
Organised tags occurred on the pulmonary pleura. There were 2 types of microscopic lesions throughout the lung, more often close to the pleura. The first consisted of masses of necrotic alveolar macrophages lying in alveoli. The second was a granuloma composed of dead granulocytes surrounded by masses of epithelioid cells arranged as palisades. Alveoli surrounding lesions of both types contained clumps of fibrin and alveolar macrophages.
Cat 4 (Day 13)
At necropsy there were 2 small depressed areas of atelectasis in the diaphragmatic lobes of the lung.
Histologically there were larvae in alveoli, alveolar ducts, and respiratory bronchioles (Fig. 2 ). The larvae appeared to have a double cuticle. There were lesions of 3 types. Firstly there were granulomata as seen in cat 3. The alveolar septa were thickened and had attached polypoid collections of epithelial cells ( Fig. 3 ). Some alveoli contained granulocytes, fibrin, and necrotic alveolar macrophages. Secondly, there were areas of focal interstitial pneumonia near worms. The walls of the alveoli which contained worms were mildly hypercellular and contained granulocytes and foamy macrophages. Other alveoli in the same areas had greatly thickened septa due to fibromuscular metaplasia of septa1 cells. Granulocytes had sequestered along the intima of nearby pulmonary arterioles.
Thirdly, the pulmonary arteries were affected. The endothelium was no longer recognisable and the lumen was occluded by large pale nuclei, between which there were clumps of granulocytes. The internal elastic membrane appeared intact. There were mitoses in the media. Muscle fibres were less eosinophilic than usual and had small clear areas and red hyaline droplets close to the nuclei. A thick cuff of leucocytes was closely applied to the adventitia. 
Cat 5 (Day 17)
There were white focal subpleural areas, approximately 1 to 2 mm in diameter, in the diaphragmatic lobes of the lungs.
In sections there were larvae with a double cuticle (teguminal sheath) in alveolar ducts and respiratory bronchioles. The intestine of worms contained many eosinophils. The lungs had collagenous pleural tags and fibroplasia of alveolar septa as seen in cat 4.
There was a mild hypercellularity of the septa of alveolar ducts containing larvae. The septa were lined by alveolar macrophages. Larvae found in ducts were circumscribed by a few eosinophils. Numbers of eosinophils, sequestered from the blood flow and crossing the muscular layers, obscured the small pulmonary arterioles in the area. Eosinophils filled alveoli between the arterioles and the worm.
The intima of some pulmonary arteries was mildly hyperplastic and had trapped numbers of eosinophils between the intimal and muscular layers of the wall of the artery.
Cat 6 (Day 21)
At necropsy there were small white subpleural foci of the diaphragmatic and cardiac lobes of the lung.
Histologically there were worms in alveolar ducts and respiratory bronchioles ( Fig. 4) , especially close to the pleura. These larvae had a teguininal sheath and were often surrounded by granulocytes. A diffuse mild interstitial pneumonia was present throughout many areas of the lung. Macrophages attached to alveolar septa were rounded and bulged into the alveolar lumen. Most alveoli of these areas contained a few granulocytes and alveolar macrophages, but were occasionally packed with granulocytes.
Basophilic mononuclear cells cuffed, often eccentrically, many smaller pulmonary arterioles. Other pulmonary arteries were occluded by eosinophils and one was occluded by proliferating intimal cells enmeshing clumps of eosinophils. 
Cat 7 (Day 25)
At necropsy, the pleural surface of the lungs appeared uneven. However, palpation revealed numerous small hard nodules deep in the lung.
Histologically, there were worms in alveoli, alveolar ducts, and respiratory bronchioles throughout the lung but most commonly immediately beneath the pleura. Eggs found in a 1or 2-cell stagc were in alveoli usually beneath the pleura.
Connective tissue tags were on the pleural surface of the lungs.
Four kinds of pulmonary histological lesions occurred, i.e. small granulomata described above, interstitial pneumonia of alveoli adjacent to worms, granulomata in response to eggs laid within alveoli, and pulmonary arterial changes.
Worms, in respiratory bronchioles, alveolar ducts, and alveoli, elicited peribronchiolitis and interstitial pneumonia in which alveolar septa were hypercellular and the acini contained macrophages and granulocytes.
Eggs in alveoli provoked an interstitial reaction involving 30 to 40 alveoli. Individual or small numbers of eggs were surrounded by epithelioid cells arising from alveolar septa; there were few granulocytes in this reaction although adjacent pulmonary arteries had wide cuffs of mononuclear cells and granulocytes. However, when larger numbers of eggs were found packing alveoli little tissue response was seen. Clumps of eggs were commonly found in subpleural alveoli on either side of an alveolar duct.
There were marked changes in pulmonary arteries. The tunica intimu of contracted pulmonary arteries had extensive folds that projected half way across the arterial lumen and contained clumps of eosinophils ( Fig. 5 ). A basophilic fibrillar substance was noted in these intimal folds, in the media of the arteries abaxial to the inner elastic membrane, and within individual muscle cells of the media. Clumps of granulocytes and mononuclear cells occurred in the subintimal fibrillar substance. Lymphoid follicles were associated with bronchi and large pulmonary vessels. The lungs were diffusely mottled. There were many small subpleural, cream-coloured foci in the diaphragmatic lobes.
Histologically, there were worms in alveoli and alveolar ducts and clumps of eggs in alveoli in many areas of the lung. Histological lesions were associated with worms and egg masses. Worms were in alveoli and alveolar ducts filled with eosinophils and the peribronchiolar connective tissue of adjacent bronchioles contained large numbers of eosinophils. Thick cuffs of eosinophils surrounded pulmonary vessels close to the worms. Mild hypercellularity of the alveolar septa occurred in alveoli containing worms. Other alveoli contained giant cells.
Cat 9 (Day 33)
At necropsy there were gray-yellow nodules, approximately 1 cm in diameter, beneath the pleura of the diaphragmatic lobes. There were organised tags on the pleura.
Histologically there were many areas in which alveoli contained one or more ova. Around ova and older embryos a basophilic material resembling an egg shell was tightly apposed to the alveolar septa.
Proliferating intimal cells completely occluded one pulmonary artery.
Cat 10 (Day 37)
At necropsy, there were similar pulmonary nodules to those described in the previous cat.
Histologically, there were worms in alveolar ducts and respiratory bronchioles. There were clumps of eggs covering an area of 30 to 40 alveoli (3 to 13 in number) in many areas of the lungs (Fig. 6 ).
Smooth muscle of respiratory bronchioles and pulmonary vessels could be discerned within these egg masses. Alveolar septa, increased in cellularity but not appreciably thickened, were visible between eggs (Fig. 7) . Leucocytes were scarce or absent from the acini. In areas I:&. 7. Alveoli containing eggs of A. ahsirusus 37 days after infection. Many at the where clumps of embryos were more developed, the alveolar septa were thicker. Alveolar macrophages closely surrounded the eggs and a few granulocytes were between the eggs. Prominent cuffs of mononuclear cells surrounded adjacent pulmonary arterioles.
Cat 11 (Day 41)
At necropsy there were confluent foci, approximately 2 mm in diameter. There were pleural tags.
Histologically, there were worms in the alveolar ducts and in respiratory and terminal bronchioles. Many areas of the lungs contained clumps of eggs and fully developed first-stage larvae. The 4 types of lesions previously recorded in the lungs of the cat killed 25 days after infection were also seen in this cat. The small granulomata were more contracted and were contained in alveoli with hyper-cellular septa. Alveolar septa that surrounded respiratory and terminal bronchioles containing worms were hypercellular. These alveoli contained many alveolar macrophages and granulocytes. Alveoli in which less developed embryos (8 to 32 cell stage) were situated were normal in appearance. Macrophages surrounded eggs containing first-stage larvae and the septa of the alveoli containing them were markedly hypercellular. Proliferation of intimal cells and trapped eosinophils ( Fig. 8 ) occluded pulmonary arteries in the vicinity of clumps of eggs and larvae.
Discussion
Pulmonary lesions associated with A. abstrzuas have been the subject of many studies5, *,14-17, 20, 213 % 2 6 . The lesions observed in this study were associated with the presence of worms in the lung, the casting of the cuticles of third-stage and fourth-stage larvae, and the laying of eggs in alveoli and their subsequent development.
Third-stage larvae of A. abstmms probably pierce the pleural surface of the lung and elicit the formation of tags containing collagen and blood vessels seen in most of the experimental cats and the small foci of leucocytes seen in the cat killed one day after infection. Worms in respiratory bronchioles initiate a bronchiolitis (Fig. 4 ). Worms in alveolar ducts and alveoli induce focal interstitial pneumonia. There is local increased cellularity of alveolar septa (Fig. 4) , and many alveoli containing, and near to, worms are filled with granulocytes.
Granulomata that are formed around the discarded cuticles become organised to produce the polypoid masses of epithelioid cells attached to alveolar septa as seen in cat 5 (Fig. 3 ).
Pulmonary lesions produced in response to eggs and larvae in alveoli vary with the number of eggs laid in individual alveoli and the degree of development of the eggs. L119 also noted that when undeveloped ova of Protostrongylzls sp. are packed in alveoli little reaction occurs, but that " . . .there is a macrophage reaction towards the developing embryos and larvae filling the air spaces.. ." Alveolar septa are not thickened but there is increased cellularity (Fig. 7) as a reaction to the presence of early embryos. The numbers of inflammatory cells increase as the embryos develop within alveoli.
The sequestration of granulocytes onto the endothelium of the artery, the packing of eosinophils and neutrophils between the intima and the muscularis, clumps of granulocytes crossing the muscularis, cuffing of leucocytes around the arteries, and the presence of granulocytes within the alveoli reportcd in this paper are all probably the result of a chemotactic stimulus. Clumps of granulocytes traversing the muscular layers of the artery (Fig. 5 The reaction of these antigens and antibodies could 'fix' the components of complement cited above that are necessary to provide a chemotactic stimulus responsible for the lesions seen. Possibly a chemotactic stimulus initiated by the worm be sufficient to cause sequestration of granulocytes from the blood and subsequent migration through the arterialwalls. CARR and IVANOWQ reported a similar phenomenon in the ileal arteries of a patient suffering from gangrenous ileitis. It is also possible that the anatomy of the cat lung may be a factor. Large pulmonary arteries accompany the main air pathways to the pleural surface of the lungs. There arc alveoli and alveolar ducts close to these arteries and chemotactic stimuli arising from the worms in these alveoli might initiate sequestration of granulocytes in relatively large arteries. The chemical changes in the intima and muscularis indicated by the basophilic material seen in pulmonary arteries might be the initial arterial change that is resolved in the muscular hypertrophy of pulmonary arteries seen later in the disease.
Aelurostroizgylus ahsfrusus caused focal interstitial pneumonia during the first 25 days after infcction. Although the prepatent period of A. ahstrusw is 42 d the adult worms lay eggs in the pulmonary parenchyma as early as 25 d after infection. These eggs become centres of extensive granulomata. Adult worms elicit focal interstitial pneumonia, bronchiolitis, and a variety of pulmonary arterial changes.
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